Introduction
============

Lung cancer is the leading cause of cancer-related death in the world. However, lung cancer mortality has steadily declined in some developed countries as a result of effective tobacco control and the improvement of early detection and treatment methods. In the United States (US), lung cancer mortality rates in men declined 36% between 1990 and 2011, and 11% between 2002 and 2011 in women.[@b1] However, because of population age, high smoking prevalence, and serious air pollution, lung cancer in China has increased 465% during the past 30 years; since 2000, it has been ranked the highest among all types of cancer.[@b2] During 2003--2005, the five-year survival rate of lung cancer in China was 19.5% and 11.2% in urban and rural areas, respectively.[@b3]

In 2003, with the increasing burden of cancer, the Chinese Ministry of Health issued a "Compendium of Cancer Prevention and Control in China (2004--2010)."[@b4] Subsequently, a Chinese lung cancer early detection and treatment expert group issued a lung cancer screening guideline draft, authorized by the Ministry of Health.[@b5] In view of the burden of lung cancer in China and excellent prognosis of lung cancer cases detected by low-dose computed tomography (LDCT), lung cancer screening in rural areas was included into the "Cancer Early Detection and Treatment Program of China" in 2009, supported by a public health special subsidy from the central government (although LDCT efficacy was not confirmed until 2011). Based on this program, an updated draft of the China National Lung Cancer Screening Guideline with LDCT was formulated to provide a screening protocol for the China National Lung Cancer Screening Program.[@b6] In this program, early stage lung cancer in baseline and annual repeat screening accounted for 36.2% and 80.0% of all lung cancer cases, respectively. In 2011, the result of National Lung Screening Trial (NLST) was published and identified a 20% reduction in lung cancer--specific mortality, attributed to low dose computed tomography (LDCT) screening in a high-risk population.

In this article, a China national lung cancer screening guideline is proposed, based on NLST results and the draft of the LDCT Lung Cancer Screening Guideline in China. The article focuses on: (i) who should be screened by LDCT; and (ii) screening procedure. The benefits and harms of LDCT and effective implementation are also discussed.

Background
==========

In China, lung cancer incidence and mortality has increased during the last few decades. According to three National Death Surveys of China conducted over the last 40 years, crude lung cancer mortality has significantly increased from 5.46/100 000 in 1973--1975 to 30.84/100 000 in 2004--2005, with a corresponding change in rank from the fifth to the first cause of cancer-related death.[@b2] In 2010, a total of 605 946 new lung cancer cases were diagnosed in China, with a crude incidence of 46.08/100 000, and 486 555 lung cancer deaths occurred with a crude mortality of 37.00/100 000, accounting for 19.59% and 24.87% of all cancer diagnoses and deaths, respectively.[@b7]

The mortality and incidence of lung cancer in urban areas and in men has traditionally been higher than in rural areas and in women; however, the difference between urban and rural areas, and men and women is gradually reducing. During 1989--2008, the incidence rate ratio (IRR) between urban and rural areas remarkably decreased from 2.07 to 1.14, while the IRR between men and women reduced from 2.47 to 2.28.[@b8] During the period 1996--2005, the average annual increase of total expenditure on inpatients of lung cancer in China reached to 16.15%.[@b9] Lung cancer has become a nationwide public health issue, giving rise to an enormous burden on patients, healthcare professionals, and society.

Smoking cessation is the most important measure of primary prevention of lung cancer. In the US, reduced tobacco smoking during the period 1975--2000 could have potentially prevented approximately 32% of lung cancer deaths.[@b10] In China, although many measures have been implemented in recent years, including enforcing smoke-free policies in public places and increasing taxes, heavy smoking has increased substantially; in 1993--2003, only 7.9% of current smokers in urban locations reported intending to quit.[@b11] Therefore, any effects of smoking cessation on lung cancer mortality will not have an impact in the next 20--30 years. Outdoor and indoor air pollution is another important risk factor of lung cancer in China. Similar to tobacco control, it will take a long time to reduce outdoor air pollution and its negative health effect in China.

Chest X-ray and sputum cytological examinations are the most common lung cancer screening modalities. In the 1970s, four randomized controlled trials (RCTs) using chest X-ray and sputum cytology were conducted.[@b12]--[@b15] These studies reported an increase in the detection of early stage lung cancer, more resectable cancers, and improved five-year survival, but no significant reduction in lung cancer mortality in the screened arm compared to the control arm. However, these results were controversial because of methodological defects. The effectiveness of chest X-ray screening was re-evaluated in the Prostate, Lung, Colorectal and Ovarian Cancer screening trial (PLCO), initiated in the 1990s. In the PLCO trial, no mortality benefit was demonstrated by chest X-ray screening.[@b16]

Since the 1990s, a number of uncontrolled studies have been conducted to evaluate the effectiveness of LDCT as a lung cancer screening tool. Results have shown that early stage lung cancer could be detected by LDCT, and patients with lung cancer detected by LDCT had excellent survival prospects.[@b17] In light of the positive developments of LDCT screening, several prospective RCTs comparing LDCT with chest X--ray or usual care were launched in the US and Europe. NLST, the largest trial among these, reported a 20% reduction in lung cancer mortality after three rounds of LDCT screening, compared with chest X-ray.[@b18] This was the first evidence from a RCT regarding the effectiveness of lung cancer screening.

Population-based lung cancer screening with chest X-ray and sputum cytology was conducted in occupational miners of the Yunnan Tin Corporation (YTC) in Gejiu City, Yunnan Provence, China. According to the nationwide mortality survey conducted in 1973--1975, this location had the highest lung cancer mortality rate in men in 2392 counties or cities in all of China.[@b19] Compared with interval cases, screening-detected cases had earlier stage and better survival. However, as an uncontrolled screening program, the effectiveness of screening with chest X-ray and sputum cytology could not be evaluated. Recently, two government-sponsored LDCT lung cancer screening programs were initiated in rural and urban China.[@b20],[@b21]

Materials and methods
=====================

A lung cancer early detection and treatment expert group developed this guideline. Panelists were selected and appointed by the National Health and Family Planning Commission and had multidisciplinary academic backgrounds, including medical oncology, thoracic surgery, radiology, pathology, and epidemiology. The guideline is based on: results of NLST, a systematic review of evidence related to LDCT screening, and the practice of lung cancer screening in China, particularly the protocol of a LDCT screening program in rural China.[@b6],[@b18],[@b22] Guidelines of the American Association for Thoracic Surgery (AATS), US Preventive Services Task Force (UPSTF), the American Lung Association (ALA), the American College of Chest Physicians (ACCP), the American Cancer Society (ACS), and the National Comprehensive Cancer Network (NCCN) were referenced.[@b23]

To develop the foundation for development of an evidence-based clinical guideline, a systematic review from a collaboration of the ACS, ACCP, the American Society of Clinical Oncology (ASCO), and NCCN was conducted, following the 2011 NLST publication.[@b22] Eight RCTs and 13 cohort studies were selected from 591 citations by literature search. Based on the selected studies, four key issues were reviewed: potential benefits of LDCT screening; potential harms of LDCT screening; patients likely to benefit; and effective screening settings. The expert panel consider that this comprehensive systematic review qualified as an evidence base for an LDCT screening guideline.

Primary results of the LDCT Lung Cancer Screening Program in rural China, launched in 2010, demonstrated that 36.2% and 80.0% of early lung cancer detection rates among high-risk individuals in baseline and annual repeat screening, respectively. The protocol of this program will be adopted to develop the China Lung Cancer Screening Guideline with LDCT.[@b6]

Results
=======

Participant selection and screening interval
--------------------------------------------

In the systematic review, the age for initiation and cessation of screening in RCTs ranged from 47--60 and 69--80 years, respectively, while the smoking exposure ranged from 15--30 pack-years, with the maximum time since quitting ranging from 10 to an unlimited number of years. Currently, there is no evidence to support a specific age to initiate or cease screening. The NLST provides the only evidence demonstrating the benefit of LDCT screening and the criteria included were: smokers with at least 30 pack-years of exposure, aged 55--74 years, who had quit smoking \<15 years ago.

Several issues should be considered when defining an age interval for screening, including age-specific incidence and life expectancy. In China, lung cancer age-specific incidence is relatively low up to 45 years of age, but then dramatically increases, peaking at 80--84 years of age in both men and women. The rates in men were 76, 136, 212, 295, 409, 509, 561, and 486 per 100 000 in 50--54, 55--59, 60--64, 65--69, 70--74, 75--79, 80--84, and 85 + age groups, respectively.[@b7] In 2012, the average life expectancy in China was 75 years.[@b24] In addition, the life expectancy at age 75 was nine years, thus, only half of the Chinese population are expected to live past the age of 84. Obviously, lung cancer risk increases with age. However, because of competing causes of death and decreased health status, it is difficult to weigh the benefits and potential harms related to LDCT screening in patients older than 74 years.

In the systematic review, screening was conducted annually in all RCTs, except the study by NELSON, which had planned screening at years one, two and four. All cohort studies conducted annual screening, except one biennial and one semiannual. However, no definitive evidence of a specific screening interval was found.

Based on these data, annual LDCT screening for lung cancer is recommend in persons aged 50--74 years with a minimum smoking history of 20 pack-years, who currently smoke or have quit smoking within the past five years. In regions with high lung cancer incidence caused by specific environmental or occupational carcinogens, annual screening is recommended. For example, persons aged 50--74 years, with at least 10 years exposure of domestic coal use in Xunwei City or occupational radon in Gejiu, Yunnan, are enrolled in the lung cancer screening program in rural China. Individuals who have a cancer history within the last five years (except for non-melanoma skin cancer, cervical carcinoma in situ, or localized prostate cancer), cannot tolerate possible lung cancer resection, or have a life-threatening disease, are not recommended for screening.

Low-dose computed tomography screening and nodule management
------------------------------------------------------------

There are several differences in RCTs or cohort studies, including the definition of positive nodules, further work-up procedures for nodules with different characteristics (e.g. size, growth rate), and screening rounds (baseline or annual). However, how to define the optimal management protocol to discriminate between malignant and benign nodules is as yet undetermined. In the NLST, nodules measuring 4 mm or more received further work up.

The nodule management protocol adopted in this guideline was that used by LDCT lung cancer screening program in rural China, which demonstrated a high early detection rate.

Definition of positive screening scan
-------------------------------------

Nodules detected by LDCT are classified into two groups: definitely benign or calcified nodules and uncertain or non-calcified nodules. The latter groups were followed up according to characteristic and size of nodules.

**Baseline screening:** the result of CT scanning is positive if at least one solid or part-solid nodule ≥5 mm in diameter, or non-solid nodules ≥8 mm in diameter, or suspicious tracheal and/or bronchial lesions, are identified.

**Repeat annual screening:** any new non-calcified nodules or airway lesions are identified, or enlargement of a nodule is detected, compared with the baseline or last annual CT scan.

Nodule management and possible work-up
--------------------------------------

### Nodule detected in baseline screening (Fig [1](#fig01){ref-type="fig"})

![Nodule management guideline for baseline screening. CT, computed tomography; F, bronchoscopy; LDCT, low dose CT; S, solid nodules; PS, part solid nodules; NS, non solid nodules.](tca0006-0812-f1){#fig01}

Solid or part-solid nodules \<5 mm in diameter or non-solid nodules \<8 mm in diameter enter into the next round of annual screening. Solid or part-solid nodules 5--14 mm in diameter or non-solid nodules 8--14 mm in diameter are followed-up by routine CT scanning three months later. If nodules continue to enlarge, clinical consultation by a senior clinical expert (a thoracic surgeon, radiologist, or pathologist) is recommended to determine the necessity of clinical intervention. In cases of no growth, a next round screening visit is recommended. For nodules 15 mm or larger, two pathways can be selected: immediate clinical consultation or a rescan after anti-inflammatory treatment. In the latter case, if the nodules are absorbed, participants enter into the next round screening, but if no changes in the nodules occur, clinical consultation is needed. If the nodules are partly absorbed, a further CT scan will be conducted, and based on changes to the nodules, different solutions are taken. Bronchoscopy is recommended if suspicious tracheal and/or bronchial lesions are detected.

### Nodule detected in annual screening (Fig [2](#fig02){ref-type="fig"})
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In patients with ≤3 mm new nodules, a rescan six months later is recommended. If the nodules continue to enlarge, patients will receive clinical consultation to determine the necessity of clinical intervention, otherwise they will receive a next round screening visit. For participants with \>3 mm new nodules, a rescan three months later is recommended, and when necessary, anti-inflammatory treatment is provided in advance. If the nodules continue to enlarge, patients receive clinical consultation; if nodules are absorbed completely, patients wait for the next round of annual screening. However, if nodules are only partly absorbed, a second rescan six months later is provided; if the nodules grow, patients receive clinical consultation, otherwise they receive the next annual screening. When current images reveal significant enlargement or an increase to solid components compared with former corresponding images, clinical intervention is necessary. Bronchoscopy is recommended if suspicious tracheal and/or bronchial lesions are detected.

Integration of smoking cessation
--------------------------------

It is well known that smoking cessation can reduce lung cancer risk. A number of studies have provided evidence that an abnormal finding via LDCT screening represents an opportunity for a health provider to initiate a conversation with a patient as to the benefits of ceasing smoking; however, whether such education can affect the smoking cessation rate has not been determined.[@b25]--[@b28] On the other hand, results from a microsimulation model, in which cost per quality-adjusted life-year gained (\$/QALY) were estimated, suggested that the cost-effectiveness of CT screening programs would be strongly influenced by smoking cessation rates among screening participants.[@b29] ACCP guidelines also emphasize the need for smoking cessation.[@b23] Thus, LDCT screening should not be viewed as an alternative to smoking cessation, instead, education as to the benefits of smoking cessation should be integrated into LDCT screening.

Shared decision making
----------------------

While there are benefits to the mortality rate using LDCT screening, there are also adverse effects, including radiation risk, and false-positive results, which lead to further unnecessary and invasive procedures to procure diagnosis. Thus, it is import for eligible individuals to fully understand the benefits, limitations, and potential harms associated with LDCT screening. They should discuss these issues with physicians or healthcare providers before accepting any recommendation for LDCT screening.

Discussion
==========

Most RCTs and cohort studies enrolled a high-risk population for screening according to age and smoking; however, increased evidence suggests that a risk prediction model might contribute to a refinement of selection criteria, such as the Bach, Spitz, and Liverpool models.[@b30]--[@b32] The PCLO~M2012~ model had improved sensitivity and positive predictive values compared with NLST criteria, without any change in screening effect.[@b33] The NCCN and AATS lung cancer screening guidelines include other factors for risk assessment.[@b34] In the future, developing and validating a novel lung cancer prediction model is warranted to improve screening effect and reduce cost.

When individuals at high risk of lung cancer are recommended for LDCT lung cancer screening, potential harms exist.[@b22] Most notably, a high false positive rate can lead to a large number of follow-up CTs; unnecessary and invasive biopsies with resulting morbidity and, in rare cases, mortality; anxiety; and waste of medical resources. In our recommendation, the criteria to suggest baseline screening includes nodules 5 mm in diameter, larger than the 4 mm in diameter recommended by the NLST; accordingly, the positive rate would be reduced to less than 20% without any loss in early lung cancer detection. It has been reported that predictive pools based on patient and nodule characteristics could be used to accurately estimate the probability that lung nodules detected on baseline screening are malignant.[@b35] Volume double time based on annual screening might also be a valuable tool in the differentiation between benign and malignant pulmonary nodules; volumetric analysis was used in a Dutch-Belgium lung cancer screening trial (NELSON).[@b36] We will trace the progress of these trials in order to revise the current screening guideline.

Radiation risk is another factor that needs to be considered, especially for individuals at a low risk of lung cancer. A preliminary modeling study suggested that in patients aged under 50, the mortality reduction from lung CT screening could not outweigh the radiation risk.[@b37] Based on NLST data, approximately one cancer death may have been caused by radiation from CT per 2500 persons screened; thus, the benefit in preventing lung cancer death using the NLST was greater than the radiation risk. Technical improvements in CT scanners and settings will lead to lower doses; thus, accordingly, the radiation risk with CT screening may decrease.

Until now, the mortality benefit of LDCT screening has only been shown in an organized setting; therefore, opportunistic screening is not recommended. Similar to the NLST, most other RCTs and cohort studies involve academic medical centers, large hospitals, multidisciplinary teams, specific inclusion criteria, and nodule management protocols. However, it is unclear whether the NLST result can be generalized. Some organizations have suggested that demonstration projects should be implemented to evaluate how well LDCT screening can be implemented for different geographic regions or countries and to address the uncertainties associated with LDCT screening.[@b23],[@b38] In China, a demonstration program of an ongoing prospective, multi-centre, population-based lung cancer screening was initiated in 2010 to evaluate the feasibility of conducting population-based LDCT lung cancer screening in a Chinese context.[@b20]

Molecular markers may be helpful for identifying the high-risk population who will benefit most from LDCT screening and, thus, reduce the cost and screening-related harms. Additionally, the combination of molecular markers and LDCT in lung cancer screening may reduce high false-positive results.[@b39] The NLST has established a biospecimen repository that includes blood, sputum, and urine samples collected serially during the screening course, which aims to develop and validate biomarkers in determining high risk individuals, distinguishing benign from malignant lung nodules detected by CT scan, and predicting tumor behavior.[@b40] To date, numerous biomarkers, including gene methylation, micro-ribonucleic acid, and autoantibodies have been used for potential screening; however, most of these need prospective population-based validation. More research is warranted to translate biomarkers from discovery to clinical application.

Conclusion
==========

Lung cancer is the leading cause of cancer-related death in China and has a poor prognosis. There is rigorous evidence to support the efficacy of LDCT in the early diagnosis of lung cancer. To maximize benefits and minimize harms, it is important that LDCT screening should be implemented in an organized manner, and individualized decision making should be conducted before acceptance of LDCT screening. The recommendations of this study will be revised with new evidence from the NLST, NELSON, and continuing trials, and the potential integration of biomarkers to augment LDCT screening of lung cancer.
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